I. INTRODUCTION
T HE AUTHORS began teaching the two-semester senior design course sequence (EE401-EE403) in the Electrical and Computer Engineering Department at the University of Detroit Mercy (UDM) in 1984, and have been directly or indirectly responsible for them up through the current Winter 2000 semester. It is recognized that there is no single design course structure which will be effective for all engineering programs. Differences in school location, semester or quarter length, cooperative education opportunities, class size, and student preparation all influence the effectiveness of different strategies. An attempt is made by the authors to discuss the evolution of their program, so that the various decisions made can be understood in context. Additionally, throughout this work the authors seek to provide frank assessment of their difficulties along the way, as well as the challenges created by their current program.
Providing a comprehensive engineering design experience is an extremely important part of any undergraduate engineering program. The ABET Engineering Criteria 2000 requires that "students be prepared for engineering practice through the curriculum, culminating in a major design experience based on the Publisher Item Identifier S 0018-9359(01)01771-X.
knowledge and skills acquired in earlier course work and incorporating engineering standards and realistic constraints" [Criterion 4, Professional Component] [2] . This important topic has received considerable attention by education professionals in recent years resulting in several scholarly papers [3] - [5] . Teaching a course in engineering design well has always proved to be a substantial challenge. The nature of the course is fundamentally different than traditional lecture courses. It requires that students work in teams, which introduces grading difficulties, and requires that faculty deal with interpersonal skill issues. New projects must be either created by the faculty or solicited from industry each year. In either case, the projects should require an integration of a broad range of the student's coursework, provide a significant technical challenge, and finally, be interesting so that the students are well motivated. Design courses also generally involve significant writing content, oral presentations, and substantial laboratory time, all of which conspire to make such courses very demanding on faculty time.
The use of a competition-driven Autonomous Ground Vehicle (AGV) design for a senior capstone course offers a number of benefits and challenges [6] - [9] . The following items constitute some of the attractive features:
the competitive environment creates student excitement and motivation; the AGV design is inherently multi disciplinary in nature involving mechanical and electrical system integration, power electronics, feedback control, digital electronics, wireless communication, software development, sensors, safety issues, and power management; the competition-driven format mimics the need in industry to carry out deadline-conscious product design; the sophistication of subsystems like vision, obstacle detection, path planning, and feedback control offer good opportunities for graduate and undergraduate research projects. The challenges for such a program include: maintaining focus on proper design methodology and avoiding ad hoc ends justify the means design; the extensive fund raising necessary to pay for the expensive component systems; the substantial faculty time and energy necessary to support such a comprehensive design effort; and the course structural organization required to support a contest deadline occurring in the sixth week of the second semester of the two-semester sequence.
The remainder of the paper is organized in the following fashion. Section II presents the historical evolution of the course structure whereas Section III discusses the competition-driven reorganization and vehicle entries for the past two years. Section IV investigates the pedagogical issues such as expertise transfer between consecutive course offerings, system level versus component level design approaches, grading, assessment, and teamwork, and faculty workload. Finally, Section V provides some concluding remarks.
II. HISTORICAL EVOLUTION
Over the past 15 years the course has undergone considerable evolution as a consequence primarily of changing perceptions of the skills required of graduates, as well as a natural process of learning from past experience. A description of this evolution, which quite naturally falls into three approximate five-year periods, is provided below; it provides the rationale for the current course structure as well as the basis for the discussion provided in Section IV.
In the early years the course started off as a multiproject endeavor. Each one of the EE faculty (including the course instructors) would be asked to suggest a list of design projects and a brief description of the requirements for each project at the beginning of the semester. The students would be allowed to form their own three-to five-person groups and would consult with the faculty proposing the projects over the first few weeks. During this period they would gain a more complete understanding of what the projects involved in terms of the area of expertise, effort required, and resources available. It would be fair to say that there was little consistency in content or difficulty between the various projects on the list.
The student groups would then sign up for projects sponsored by various faculty. A variety of factors would impact their decision, such as their interest or the project's challenge, a perception that a particular project was easy, or that the faculty member involved was less demanding or a soft grader. The faculty members whose projects were chosen by student groups were then responsible for guidance and mentoring throughout the semester; some faculty adopted a periodic meeting structure while others left it to the students to define a timetable for various aspects of the project. To clarify, Senior Design I (EE40I) was spent doing background research and developing a project proposal, which was presented orally and in writing to the entire faculty body for review. Senior Design II (EE403) was used to implement the plan; at the end of this semester there was a final oral presentation and written report, as well as a hardware prototype or software demonstration.
Under the structure adopted in the first five-year period, projects whose resource needs were not thoroughly investigated often caused budget and parts procurement problems. The course instructor monitored progress rather loosely through informal meetings with the faculty project supervisors to discuss how the students in their charge were faring. Both the supervisor and the course instructor graded the proposal (EE401) and final report (EE403). The entire faculty team graded the final presentations, but ultimate grade assignment was left to the course instructor's discretion. In essence, the course was modeled as an undergraduate thesis. Consequently, there were no formal lectures given, as assistance was given to each group as the need arose.
The approach outlined above had both advantages and disadvantages. The principal difficulties were 1) projects varied widely which made it difficult to develop a fair grading scheme; 2) the faculty participation was irregular because some faculty always submitted very theoretical projects which no groups would adopt; 3) some faculty were chosen by multiple groups increasing their workload; 4) the faculty were not equally suited to supervise a design project; 5) the lack of a formal lecture structure to present design methodologies-student design procedures were ad hoc; and 6) it was difficult to monitor team dynamics and provide assistance. The advantages were 1) the students chose projects which interested them, so occasionally, outstanding effort and results were obtained; 2) the work load for the course was divided up between several faculty; and 3) the project diversity produced interesting final presentations.
This course experienced several improvements over roughly the second five-year period.
The project selection process was changed, with the entire faculty meeting as a group to discuss the full range of projects. Some projects were modified to ensure overall consistency between projects, while others were excluded as being unrealistic. Regular progress meetings were conducted by the instructor for the entire class and a sequence of three written progress reports were assigned for each semester to combat student procrastination. Collaboration with industry was initiated to develop problems from engineering practice. Students were organized into groups on a random basis. A single project was adopted for all groups; in this format, the groups were in direct competition with each other. At about this time in the program evolution, ABET was placing increasing emphasis on a philosophy which introduced the teaching of the design process early in the program, and attempted to build and develop design skills throughout the four-year curriculum. This impacted the program in the following manner. First, it influenced the content and structure of several lower-level courses in the EE program; design problems were introduced into lecture courses, while a project-based structure was adopted in laboratory courses. Second, it emphasized the need for incorporating a detailed treatment of design methodology into the capstone senior design course sequence. Additionally, previous experience with capstone design had led to the realization that the students needed assistance with the peripheral tasks of project planning centered around an appropriate milestone structure. They needed to learn about project management and problem solving, team dynamics, safety, and reliability. While the authors began by developing their own informal notes on design methodology and these other topics based on their academic and industrial design experiences, several textbooks on design began appearing in the market. These books contained structured coverage of the topics mentioned above, and in addition, carried some extensive case studies that formed a good basis for classroom discussion. It seemed the right time to restructure the course around a unifying lecture-integrated paradigm that was based on the use of a textbook, and that included formal treatment of both design methodology and the other peripheral issues that are very relevant to the practicing engineer.
The main feature of the most recent five-year period, which began in 1996, was the adoption of the autonomous ground vehicle concept, as the basis for the design project. The vehicle was to be designed as a competition entry for the Intelligent Ground Vehicle Competition (IGVC). This decision required some changes in the sequencing of components of the course structure. This reorganization, as well as the IGVC competition format, is discussed in the next section. However, in broad terms, the current course structure is reflective of many of the elements in place four years ago, i.e., before AGV integration. Fig. 1 presents an abbreviated summary of the key elements required for our current program.
III. A COMPETITION-DRIVEN REORGANIZATION
The historical evolution described in the previous section concludes with a course structure, which contains all the elements of the current program. However, the organization described does not reflect the integration of the two-semester design sequence with the IGVC. Thus, this section begins with an overview of the competition itself, and then proceeds to describe the attendant structural issues for the course. This section concludes with a presentation of UDM's competition entries for the past two years.
A. The Intelligent Ground Vehicle Competition
The IGVC is jointly organized by the U.S. Army Tank-Automotive Armament Command (TACOM), Detroit Arsenal, MI, and Oakland University, Rochester, MI. "The competition seeks to cultivate student's interest in robotic control systems engineering by providing them a practical forum where they can experience the research, development, and engineering involved in the automotive and robotics industry" [1] . About 15-20 teams participate in the competition every year from universities in the United States, Canada, and Japan. There are two main competition events: the vehicle performance competition where the autonomous robotic vehicles compete to finish the course in the shortest time or by traveling the farthest in the allotted time, and the vehicle design competition that evaluates the documentation, management, and presentation of each team. The rules require that the vehicles sense lane-lines, avoid obstacles, and travel over ramps and sand traps. The lane markers are of differing colors (white or yellow), patterns, and quality. The road surface may be grass, pavement, sand or gravel. The lanes are ten feet apart, and various obstacles may be placed along the route. Vehicles are to be between 3 and 9 ft long, less than 5 ft wide, and no taller than 6 ft. The vehicles must have ground contact, and be able to carry a 20-pound payload.
Clearly, from these specifications, a great deal of design latitude is available for the students. The authors felt that this contest was particularly well suited for a capstone course for a number of reasons. First, the design of a robotic vehicle is wonderfully interdisciplinary in nature; many mature design issues can be presented effectively in the context of a full vehicle development project. For example, safety, reliability, maintainability, and project planning take on a very real dimension when dealing with a platform which could weigh possibly hundreds of pounds and have substantial energy storage and horsepower. The platform must be organized to allow for quick and effective diagnosis and repair of subsystems, as unplanned extended downtime can directly impact competitiveness. Another positive aspect of such a project is that it allows an opportunity for undergraduate and graduate research involvement. The vision, obstacle sensing, and navigation systems all permit sophistication commensurate with advanced study. Therefore, the substantial faculty time commitment necessary to supervise such a project may produce some useful research. Finally, the competition-driven format mimics the need in industry to carry out deadline conscious product design and delivery, with the attendant pressures.
B. Course Sequence Integration
The design course sequence at UDM runs from January through August, while the IGVC contest takes place at the beginning of June. This timing has required a special reorganization for the course sequence. As indicated in Section II, originally EE401 was reserved for a full series of lectures covering a range of topics associated with engineering design. These included Project Planning, Design Methodology, Technical Writing, Designing for Safety, Design Optimization, Reliability, Economic Cost Analysis, Maintainability, Failure Modes and Effects Analysis, and Ethical and Legal Concerns, among others. While the students were attending these lecture classes, they were also undertaking a detailed feasibility study and making formal design proposals. At the end of the semester the design was approved and construction would begin during EE403 the following semester. A comprehensive series of hardware and software milestones and regular oral reviews provided structure for the second semester.
In order to have hardware ready for the May/June competition, it was necessary to move to hardware development earlier in the program. To do this, lecture topics critical for proper design development were selected (Design Methodology, Project Planning, and Technical Writing), and presented in the first weeks. Coincident with these lectures, students are given engineering reports on previous vehicles, and asked to fully analyze and reverse engineer them. Additionally, they are asked to develop a preliminary project plan for a redesign or new design for a competition vehicle. Then, by the sixth week, milestone assignments based on their project plans and time-lines (revised where necessary) are initiated, with regular oral reviews to monitor progress.
While the serious design and development for the contest is taking place, technical support lectures on a variety of topics are provided. These lectures serve to review material from earlier in their programs, as well as to introduce project specific materials. Lecture topics have included servo motor control schemes, digital control, power electronics, PWM circuits, noise filtering, image processing, and fuzzy logic navigation. This is a very intensive semester for the students, but many rise to the challenge because of the excitement that the project has for them.
When the Winter semester ends, the vehicle should generally be close to final form, and the first drafts of the design competition paper have been submitted. The final presentation for the semester is a professional affair designed to duplicate the circumstances of the contest design competition. A number of the students stay and work on the project over the one-week break between semesters. The first four weeks of the EE403 summer semester are generally spent testing the vehicle on an on-campus test course, and fine tuning vision and navigation algorithms.
After the competition, the second portion of the course sequence begins. Once again, a full lecture/cooperative learning schedule is adopted. This time the topics covered utilize the vehicle design and competition experience as a case study to motivate the material. Design Optimization, Reliability, Economic Cost Analysis, Maintainability, Failure Modes and Effects Analysis, and Ethical and Legal Concerns are now very interesting topics since the students have a personal experience to relate to. Students are asked to consider the redesign of subsystems which are deemed to require improvement. The test course is repainted and used for the remainder of the semester. The final designs resulting from this process are then fully documented in a comprehensive technical report which includes: a detailed presentation of the design process, alternatives considered, full electrical and mechanical schematics, and documented code. Moreover, a videotape which includes test course performance runs, the actual competition vehicle runs, and the final presentations, is prepared and filed with the semester report. The students present this material during finals week, to a faculty board who questions them and assigns grades.
C. Competition Entries
Four vehicles have been developed over the past five years. Of these, three have been entered in the IGVC competition. The first was based on a four-wheel electric golf cart platform. The vehicle was obtained via a donation, and provided special chal- Fig. 2 . The golf cart AGV-note the air tank for a fail-safe pneumatic emergency stop system. lenges due to its size and power. The power electronic components necessary to construct a system to control a 2-HP 60-A, 36-V dc motor were expensive. Additionally, other subsystems necessary to provide steering and braking were also involved. Nonetheless, the vehicle was exciting to work on and provided a platform which allowed extended discussions regarding commercial electric vehicle platforms. This platform was developed over two years. The first year was spent automating the vehicle's systems (steering, propulsion, and braking), whereas the second year was used to develop the vision, navigation, and radio-link emergency stop systems. Figs. 2 and 3 depict the completed vehicle.
The second vehicle was based on a donated electric wheelchair. Since the wheelchair already had a sophisticated electronic controller interfaced to a joystick, it was relatively easy to implement computer control of the platform. The students were therefore able to concentrate on vision and navigation. The actual platform structure was not ideal (essentially a chair) as it had a high center of gravity and a very short wheelbase. While the students were able to produce a competition ready vehicle in one semester, it was not pretty! Fig. 4 presents the completed "Electric Chair" platform in competition. This vehicle took fifth place in the performance competition and fourth place in the design competition at the IGVC.
The third vehicle designed was again based on the electric wheelchair platform. However, substantial changes were made to the chassis. A superstructure was designed to replace the "chair" components while retaining the base drive train. The design goals were to lower the center of gravity, lengthen the wheelbase, and improve traction. Additionally, completely new power management, radio emergency-stop, and vision subsystems were developed for the platform. This vehicle incorporated the first attempt to utilize a full color image processing system. Also, the design group attempted to implement mainstream vehicle navigation techniques to develop an algorithm based on the potential fields method [10] . At the actual competition, the navigation routines developed by the students proved too rudimentary to address the range of sharp curves and obstacles presented. However, the vehicle was awarded third place in the design competition (a cash award position). Figs. 5 and 6 present two different aspects of the finished platform. The final autonomous ground vehicle developed in the design sequence (Fig. 7), is not yet ready for competition as of this writing. It is based on a personal mobility platform donated by Amigo Corporation [11] . The three-wheel vehicle, like the wheelchair discussed earlier, came with an electronic motor control system which was easily interfaced to a computer. The first portion of the platform design involved the automation of the steering and braking systems, the construction of a superstructure to house the necessary computer and electronic componentry, and the development of the preliminary vision and navigation subsystems. The current design team is developing fuzzy logic-based navigation, ultrasonic obstacle detection with multiple sensors, and more sophisticated image processing algorithms.
IV. PEDAGOGICAL ISSUES
The evolutionary process that has led to the current capstone course sequence structure has highlighted a number of important pedagogical issues that should be of interest to colleagues teaching this type of course. Some of them are due to special problems in course administration resulting from the imposition of competition-driven time lines, others result from more general philosophical choices of direction and emphasis. For the sake of completeness of this presentation, it is important to discuss these issues in detail.
A. Transfer of Expertise
With projects of the complexity of an autonomous robotic vehicle, it is necessary to continue the development of a particular platform over multiple years to bring it to fruition. It then becomes even more important to emphasize good documentation to enable technology transfer to take place smoothly between successive generations of students. The authors have found that extraordinary effort is necessary on the part of faculty to achieve this goal. Beyond the general need for clarity of description, meticulous standards must be set for accuracy of schematics, commenting of software code, etc. Additionally, the design process used to arrive at the actual final implementation must be completely described so that repairs or modifications can be carried out when needed in the future. It is a herculean task to sell this philosophy to students who often have to go through three or four drafts before they reach a minimum standard of acceptability.
B. System Level versus Component Level Design
In the early years of capstone design, the chosen projects involved component-level electronic design for the most part. However, over the years, the nature and scope of the projects changed, and they became increasingly system oriented. With the autonomous vehicle project, for instance, the complexity of the necessary subsystems and the need to develop a complete vehicle over the course of twenty weeks dictated a system-level design philosophy; anything else would have made the task impossible. The incorporation of state-of-the-art circuit design techniques involving embedded microcontroller and VHDL/FPGA technology has further increased the system-level design nature of the project. Two points need to be made in this regard. First, the paradigm shift is in complete accordance with both the ABET 2000 criteria and the interdisciplinary skills required of graduates from their primary employers in this area, the automotive industry. Second, a system-level design approach as the basis for capstone design is a costlier philosophy to support, since several subsystems have to be purchased commercially, for instance, PWM amplifiers, power supplies and inverters, data acquisition boards, cameras and image capture cards, other sensor systems, motor controllers, etc. Since the normal budget was insufficient to support these acquisitions, extensive fund raising became necessary. However, the authors have been fortunate in obtaining the support of several companies who have provided both cash and kind for this effort.
C. Tradeoff Between Academic Pedagogy and Deadline-Reactive Strategies
The attractive aspect of the competition-driven format is the positive effect it can have on student excitement and motivation as well as the deadline consciousness it injects into the process; the latter is reflective of what a student might have to face if he/she chooses to work in industry. On the other hand it also creates challenges since the pressures imposed by the deadlines can sometimes inhibit an academic exposition of the design process. A case can be made that the equilibrium that currently exists in the current capstone course sequence between these two aspects is just right. This is particularly true because of the postcompetition format of the course, which allows for a re-examination of the engineering decisions made earlier in the light of experience. But, in general, it is important to be aware of the affect that a competition can have on this balance.
D. Teamwork, Assessment, and Grading
These related issues are always of great interest and relevance in courses that are predominantly project-based and team-oriented. Due to the pressures of the competition-oriented format and environment, some traditional problems are exacerbated and require special attention. The major issues will be highlighted here. The authors have experimented with different approaches to student team formation, and currently the instructor assigns individuals to groups. This has its attendant problems but is more reflective of the real world. In general, it is a challenge to make all students feel equally motivated about the project and to have them all contribute equally to the project goals. While the excitement of participating in a competition does have a positive effect on this, the attendant pressures exacerbate interpersonal problems between students, escalating tensions and requiring faculty intervention. Despite the best efforts in educating the students regarding the importance of shared decision-making, professionalism, effective communication, conflict resolution processes, etc., results are mixed and this remains an arduous and time-consuming task for instructors.
A related issue is that of student leadership. In the current program, each team elects their leader. A strong student team leader can have a great influence on team success, but the inability to wield real authority makes it a difficult and somewhat ineffective position. On the other hand, an underachieving student can have the opposite effect on morale and the achievement of team goals. Due to the interrelated nature of the autonomous vehicle project, such a student can jeopardize overall team success. The authors have followed the lead of some colleagues at other universities, who have formulated a process modeled after industrial practice that could eventually lead to an underachieving student being "fired." The implication of this in an academic context is as follows. A separate ancillary project of appropriate complexity is defined for the "fired" student, one that could benefit the autonomous vehicle at a future date, but does not inhibit its current development. This process results in freeing up the team from the consequences of poor performance by some individuals; however, this happens at the cost of additional administrative responsibilities on the part of the instructor, who has to manage this side project outside of the general framework. Obviously the original responsibilities of the "fired" student have to be redistributed between the remaining team members and the "extra" workload causes some angst. A related issue is the workload assumed and successfully completed by the more effective students. It becomes necessary to have a procedure in place that offers such students rewards beyond the mere pat-on-the-back, because selling the philosophy of altruism does not always work. Some possibilities are the assignment of extra credit, or participation in the joint authorship of a conference publication. A detailed discussion of team formation, leadership, and motivation issues can be found in an earlier paper by the authors [12] .
Assessment requires a clear statement of course objectives and outcomes. An excerpt from the design course syllabi presented in Fig. 8 summarizes the course goals. During the second semester of this sequence, after the vehicle competition, the class is asked to undertake an assessment process which involves survey questionnaires, detailed discussions, and a written assignment. This process serves to explore student perceptions. Additionally, as indicated in Fig. 1 , a clear set of evaluation criteria are presented to the students and these are used to measure educational outcomes. A full discussion of a student feedback-based course assessment process can be found in [12] .
An illustrative (approximate) breakdown of the percentages assigned to the basic grading categories for the second semester course, EE403, is provided in Table I . Note that some elements contribute to an individual grade component whereas others contribute to the team grade. Students must achieve at least a "D" grade on the individual portion of their work in order to qualify for the inclusion of the team component of the grade. That is, if a student is failing based on their individual effort, the team elements are not used to bring the grade up.
It should be understood that the many different tasks associated with an AGV design have different difficulty levels. Students who work on simpler tasks and do them well will not receive an A-level grade because the task difficulty may only be C-level or B-level. This is analogous to the assignment of points to exam questions based on difficulty. Therefore, students who seek to earn an A in the class, must take on a challenging work load consisting either of a few challenging tasks or many less difficult tasks. Students are responsible for consulting the faculty to determine what the corresponding grade level is for their tasks. In essence students contract for the grade they desire in the class by asking for and undertaking particular grade-level tasks. Students are advised that consistently choosing A-level tasks and failing to be successful, will most often result in a failing grade, not a simply reduced grade level. This is because most tasks are either successful or not in terms of the vehicle design and operation goals, and partial credit is not meaningful.
A student peer review process has also been instituted in an attempt to obtain a better assessment of effort and achievement, so that corrective measures can be taken early to halt drift. While in the initial stages of the project, students tend to be more forgiving of their peers since they are not fully aware of the magnitude of the task that they face, the level of objectivity increases later on. An important factor in improving objectivity is good documentation. Each individual must be provided with a clear written assignment of responsibilities and he/she must maintain a diligent record of activities undertaken in a logbook to make his/her case. However, the instructor must always be constantly aware of the effect that student relationships can have on both the objectivity of the peer reviews as well as progress toward project goals. When relationships are strained and things are not going well, students tend to blame lack of performance on the alleged shortcomings of other team members. Since we do not assign a "group" grade in our program, it becomes very important for the instructor to undertake special efforts to sift through the situation and assess individual performance. Sometimes this requires that he/she take over (from the team leader), the assignment and monitoring of specific tasks between the members of the team. This may be necessary over a period of several weeks to ensure that the problems can be identified and corrected. When this process is adopted, it is possible to restore normalcy. The nature and level of the problem varies from year to year since it depends on the individuals involved. This issue of group dynamics is an area where the authors are continually experimenting in an effort to develop increasingly effective teaching methods.
E. Faculty Workload
Faculty workload has increased over the evolutionary period of the design course. As indicated in Section II, there is currently only one project involving the autonomous vehicle(s). However, each vehicle subsystem (vision, navigation, propulsion, mechanical design, ultrasonics, etc.) is as complex as individual projects of earlier years. Therefore, the current course instructor is effectively responsible for the supervision of many more projects than was the case when other faculty shared this responsibility in the early multiproject years of the design course. Additionally, the current course paradigm is much more involved, requiring as it does high-level oversight of the project on the part of faculty to ensure timely completion, to handle the myriad team dynamics issues, to enforce a grading system with a component that reflects individual student performance, and to ensure that high quality documentation is produced. The class size also impacts the workload issue. Currently there are two student teams working on separate autonomous vehicles, with about nine students per team. If the class size goes up to about 22-26 students, a third vehicle platform would have to be incorporated in the interests of ensuring adequate student involvement. At that point, it is fairly certain that some changes would have to be made in the course paradigm to enable the course instructor to handle the increase in workload. For example, the periodic design review meeting with members of each of the teams could not be conducted in its current format. A possible solution would be to add an extra section for the course.
V. CONCLUDING REMARKS
The course structure and content presented in this paper serve the needs at the University of Detroit Mercy well. ABET's design recommendations are honored in both word and spirit. Students are prepared for employment in the automotive industry, and provided exposure to many topics worthy of graduate study.
By including a detailed discussion of the evolution of the capstone design program, the authors hope to have provided useful information for others teaching design. The faculty workload associated with teaching a design class will always be in excess of that required for a more traditional engineering course. A satisfactory answer to this problem has not yet been found. Ironically, design courses are often viewed as easy to teach by those who have not been personally involved. At this point, the principal reward for the effort is the satisfaction of having alumni come back and state that the design course was one of the most valuable of their undergraduate program.
